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Description 

LOW SLUDGING COMPOSITION AND PROCESS FOR TREATING ALUMINUM 

AND ITS ALLOYS 

Teohntcal FigM 

This invention relates to a surface treatment composition and process that 
fomi a conversion coating on the surfeoe of aluminiferous metais that imparts an 
excellent corrosion resistance and paint adherence to such surfaces prior to their 
B painting. The aqueous solutions of this composition are transparent solutions 
that resist the production of a precipitating solid even when they contain eluted 
aluminum. The present invention is applied with particularly good effect to the 
surface treatment of drawrvand-ironed aluminum cans (hereinafter usually 
abbreviated as "aluminum Dl cans"). Sludge adhesion to the equipment is 

w Inhibited and an excellent corrosion resistance and paint adherence are Imparted 
to the substrate surface when aluminiffn Dl cans fabricated by the drawing and 
ironing of aluminum alloy sheets are subjected, prior to their being painted and/or 
printed, to surface treatment with a surface treatment bath according to the 
present invention. 

« Backoround Aft 

The outside bottom surface of aluminum Dl cans is subjected to high-tem- 
perature sterilization without being painted. If this region has a low corrosion 
resistance, the aluminum is oxidized and blackened during this step, and its 
appearance is thereby impaired. This phenomenon is generally known as 

20 "blacfceninsT- As a result, the (unpainted) conversion coating produced by sur- 
face treatment desirably should have an intrinsically high corrosion resistance. 

At the present time, the surface treatment of aluminum Dl cans is carried 
out mainly using Cr(VI)-oontalning phosphoric actd^romate traatmants and 
zirconium-type nonchromate treatments. These treatmerits are applied to the 

2s surfaces of the cans as aqueous liquid compositi(»^, which hereinafter are us- 
ually called '%>aths" for brevity, even though they are more often applied by spray- 
ing the "bath" liquid onto cans than by immersion of the cans in the baths. 

Atypical example of nonchromate surteoe treatment baths is disclosed in 
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Japanese Patent PuWIcalion Number Sho 5&^3468 (33.468/1961]. This surface 
treatment bath is an acidic (pH 1.S to 4.0) water-toased coating solution that 
contains phosphate, fluoride, and zirconium or titanium or a mixture thereof. 
The characteristic features of this addic nonchromate treatment bath are 
, that it contains effective fluoride and does not contain a solid-producing com- 
ponent that is prone to pracipltation. Since this nonchromate treatment bath 
does not contain toxic hejcavalent chromium, it has come to be v«dely used at the 
present time as a surface tiaatment agent for aluminum Dl cans. However, this 
bath in actuality also suffers from major drawbacks as desaibed in the following. 

When the prior art surface treatment baths are used on can manufacturing 
lines, they are ordinarily sprayed on the aluminum Dl cans for about 15 to 30 
seconds. When an object shaped like aluminum Dl cans is subjected to spray 
treatment for such a brief period of time, the resulting coating may not be 
unifonn because of differences that occur between different regions of the can 
« in the bath flow rate and in the contact conditions between the bath and the 
surface of the substrate. This creates variations or instabilities in the anticor- 

rosion performance. 

If however, the production of a large conversion coating v»«ight on the 
outside bottom surface of the can is pursued in order to stabilize tine anticorro- 
„ sion performance, too much conversion coating will be produced on the necking 
or flange regions that are processed after painting. This causes the problem of 
paint delamination after painting. 

This variation in coating weight among the aforementioned regions is even 
more substantial in the case of aged surface treatment baths where the ac 
„ cumulated concentration of eluted aluminum in tine solution has reached high 

values. ^. J ^• 

When the afbremertioned prior art surface treatment bath is used indusln- 

ally avowing unacceptable paint delamination results in the major drawback of 
reqiiiring the use of an effective fluoride concentration, which essentially must be 
» maintained at a constant value during use of the bath, that is somewhat smaller 
than that whteh would be most desirable for avoWing blackening and avoiding the 
fbrmation of precipitates. 
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Due to this, when aluminum ions actually do elute and enter the bath, pre- 
cipitation occurs even for the above-described surface treatment bath with its 
distinguishing feature of not containing a highly precipitation*prone solid-pro- 
ducing component Even with this bath, then, problems such as equipment 
B soiling, nozzle clogging, and the liice, do in fact occur 
Plgglpsur^ qf the tnventlpn 

Probiems to Be Solved bv the invention 
The present invention seeks to solve the probiems described above for 
the prior art. In ^>eciflc terms, the present invention introduces a bath and a pro- 
10 cess using said bath that not only are able to produce a highly corrosion-re- 
sistant, strongly paint-adherent conversion coating on the surfaces of alumin- 
iferous metal substrates, but which also exhibit excellent properties in terms of 
conversion coating uniformity, sludging inhibition, and process stability. 

Summary of the Invention 
18 It has been discovered that: 

(i) a treatment bath that maintains a transparent appearance can be obtained 
v^en an oxidizing agent and a hydrogen fJuoride-generating compound that 
produces a particular value for the HF concentration are also present in a surface 
treatment bath that contains a phosphoric acid compound and zirconium 

20 compound and has a plH of 1.5 to 4.0; 

(ii) an excellent corrosion resistance and good paint adherence can be 
imparted to the surface of aiuminiferous metal substrates by the formation 
thereon of a conversion coating by contacting the surface of the aiuminiferous 
metal with the aforesaid conversion bath for 0.5 to 60 seconds; and 

» (iii) the conversion coating thereby formed is very uniform, Mtiile at the same 
time an excellent sludging inhibition is obtained. 

The highly sludgingnnhibited composition according to the present inven- 
tion for treating the surface of aiuminiferous metals is a waterborne surface 
treatment bath that forms a conversion coating on the surface of aiuminiferous 

30 metals and is characterized in that it has a pH of 1 .5 to 4.0 and comprises, pref- 
erably consists essentially of, or more preferably consists of water and the fol- 
lowing components: 
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(A) at least one phosphoric acid compound, 

(B) at least one zirconium compound, 

(C) at least one oxidizing agent, and 

(D) at least one compound that is a source of hydrogen fluoride, in a quantity 
that produces a total concentration of hydrogen fluoride in the aqueous 
solution in the range from 0.0001 to 0.2 grams per liter (hereinafter us- 
ually abbreviated as *'gA."). 

p^^jlff^ Pft ffcrintion of t h ft ^^'^^ and Preferred HmbOdiTHQnts Thergof 
The aforesaid hydrogen fluoride-generating compound in the surface 
^ tieatment composition according to the present invention is preferably selected 
from hydrofluoric add and ammonium fluoride. 

The aforesaid oxidizing agent in the surface treatment composition accor- 
ding to the present invention preferably consists of at least one selection from 
hydrogen peroxide, nitrous add. organoperoxides. and salts of the preceding 
The aforesaid zirconium compound(s) are preferably present In a surface 
treatment composition according to the present invention at a total concentration 

of 0.005 to 0.5 glL as zirconium. 

The aforesaid phosphoric add compound(8) is preferably present In a sur- 
face treatment composition according to the present invention at a concentration 
«, of 0 005 to 0.4 g/L as PO,^ ions. The total stoichiometric equivalent as PO, 
ions of all orthophosphoric add (i.e.. H,PO.). metaphosphoric adds (I.e.. 
[HPOak, where x is a positive integer with a value of at least 3). and condensed 
phosphoric adds (i.e.. H^^.O^r, where n is a posHlve integer with a value of 
at least 2) and any anionic products fooned by dissodatlon of any of these acids. 
» induding sudi anions added to the composition in the iom of salts, is to be 
understood as constituting the PO,-» Ions content for the definHion of this 
concentration, inespedive of the adual extent of Ionization, dissodation. and/or 
assodation that may occur in the surface treatment composition. 

The aforesaid oxidizing agent is preferably present in the surface 
„ treatment composition according to the present Invention at a concentration of 

0.01 to 5.0 Q/L. 

A Wghly shJdglng-inhlbited process according to the present invention for 
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treating the surface of aluminlferous metal substrates is characterized by the 
formation of a conversion coating on the surface of aluminiferous metal by con- 
tacting said surface for 0.5 to 60 seconds with a treatment bath containing any 
surface treatment composition as descrit>ed directly above and thereafter, 
optionally, subjecting said surface to a water rinse and drying. 

When prior art surfiace treatment agents with their relatively slow reaction 
rates are sprayed on an article shaped like aluminum Dl cans, the resulting 
conversion coaUng usually will not be uniform, because of differences in t>ath 
flow rate and surface/t>ath contact coruSitions that occur between different 
re^ons. The conversion coating may therefore exhibit an uneven perfonmance. 
In the ^>ecific caise of aged surface treatment solutions in which the aluminum 
ions concentration in the solution has reached high levels, fluorine is consumed 
from the fluoroocxnplex of zirconium and it becomes necessary to add additiortal 
fluorine source in order to keep the zirconium stably dissolved in the bath. i.e.« 
to keep the treatment bath transparent. This causes an even more pronounced 
variation in coating weight among the various regions of the can. 

The inventors discovered that the rate of the conversion coating formation 
reactions and the uniformity of the conversion coating can be improved through 
the presence of HF — In addition to zirconium, phosphoric add. and oxidizing 
agent — for the purpose of stabilizing the quality by eliminating the variations in 
coating weight between the regions of such a shaped article that would otherwise 
arise from differences in reaction rate. 

It was also discovered that managing the HF concentration to 0.0001 to 
0.2 gIL in order to Inhibit precipitation of the zirconium in the treatment bath leads 
to an improved inhibition of sludge formation even in the case of aged treatment 
baths having high aluminum ion concentrations. 

Coating fomnatton is believed to occur during treatment with a zirconlum- 
cwitaining treatment bath liecause of an increase in pH at the interface t>etween 
the metal substrate and the treatment bath. On the other hand, with regard to 
the hydrofluoric acid and aluminum fluorocomplexes present in conversion 
treatment baths, it is known that the structures of these compounds change as 
a function of the pH of the treatment bath. Free fluoride (F ). hydrofluoric acid 
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(HF). and various aluminum fluorooomplexes may be present in an acidic 
aque^ solution containing aluminum and fluorine. Their proportions vary with 
variations in the pH of the aqueous solution. Conversion coating fomiatlon 
reacUons are believed to occur due to the decline In the HF concentration in the 

. vicinity of the interface. Therefore, control of the HF concentration in the 
treatment l>ath becomes necessary In order to maintain a high conversion activity 
and a transparent appearance on the part of the treatment bath. 

The HF concentration is measured in the present invention as follows. A 
commercially available fluoride Ion reference solution Is first diluted with a com- 
mercially available solution for acTjusting the pHfionic strength, in order to prepare 
three reference solutions with the following F- concentrations: F-«lmg/L. F- = 
10 mg/L. and F- » 100 mg/L These are then equilibrated at the specified 
temperature and used to calibrate the measurement values of a fluoride ion 
meter. A sample of the surface treatment solution is then equilibrated at the 

« specified temperature, and its F- concentration is obtained using the calibrated 

fluorine ion meter and converted to the molar concentration, designated as 'IFT • 
The pH of the treatment bath is also measured and the molar H* concentration, 
designated as "[HT. Is derived from this. The molar concentration of HF. 
designated as ^HFl". is then calculated from the known dissociation constant for 
„ HF according to the following equation: (Hn-flH^-lF-yiO- "). The \HF] value 
thus obtained is converted to g/L by multiplying by the gram molecular weight of 
HF. 

The following concentrations are preferred for the surface treatment 
composition according to the present invention: for the zirconium compound. 

„ 0.006 to 0.6 g/L as zirconium; for the phosphoric add compound. 0.005 to 0.4 
g/L as PO4 ions; for the oxidizing agent. 0.01 to 5 g/L. 

With regard to the concentrations of the phosphoric add compound, zir- 
conium compound, and <»ddizing agent in the surface treatment composition ao- 
cording to ttie present invention, if any of these falls below the above-spedfied 

» lower limits, the resulting treatment bath will have an inadequate conversion 
coating fbnnation adivity and may not be able to lay down a conversion coating 
of suffident thidmess. No additional increases in effed are obtained when ttiese 
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concentrations exceed the above-specified upper limits, and such concentrations 
therefore serve merely to raise the cost 

Ziroonium-containing sludge is readily produced when the concentration 
of the hydrogen fluoride-source compound in the surface treatment composition 
according to the present invention falls below 0*0001 g/L as HF (hydrogen 
fluoride). An excessive etch, which impedes the formation of a conversion 
coating, occurs when this value exceeds 0J2 g/L. 

A surface treatment process according to ttie present invention comprises 
the formation of a conversion coating by bringing the target surface of the 
alumlniferous metal substrate into contact with a treatment bath containing treat* 
ment composition as described above and then, optionally but preferably, exe- 
cuting thereon a water rinse and drying. Said contact between the treatment 
bath and metal surface may be Implemented, using spray or immersion tech- 
nology, as a continuous one-step process or as an intermittent multi-step pro- 
cess. The total contact time preferably should be from 0.5 to 60 seconds. 
Because the specific component composition of the treatment bath is able to in- 
hibit sludge adhesion to the equipment, the described process according to the 
present invention can achieve an excellent operating stability and a high treat- 
ment efficiency. 

The surface treatment bath according to the present invention is an acidic 
treatment bath that contains phosphate ions, a zirconium compound, fluoride, 
and oxidizing agent as its essential components. The source of the phosphate 
ions in this treatment bath preferably is phosphoric acid, ammonium phosphate, 
and/or an alkali metal salt of phosphoric add, with phosphoric acid and 
ammonium phosphate more preferred, taking into consideration sludging 
inhibition. The content is preferably 0.005 to 0,4 g/L as phosphate (PO4) ions, 
while the range of 0.01 to 0.20 g/L as phosphate ion is even more preferred. 
Phosphate Ion oonoentrations below 0.005 g/L result in a poor reactivity, which 
makes it very difficult to form satisfactory coatings. At the other extreme, no - 
additional benefits are obtained at concentrations in excess of 0.4 g/L, which 
therefore serve merely to raise the cost of the treatment bath and thus are eco- 
nomically undesirable. 
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■n» p.B.«ice of a zirconium compound in ueatmenl bams according to 
»e pres«« in«nHon is most advantageously brought about through the use of 
vJlKi«eco.,^ofzi«onium,morep«ferai>iywa,er.soiub,anu^^^ 

conium complexe. arKi sUII more preferably fluozirconic acid (H/rFJ and rts 
. sa«s.VVl,hnnja«lto.h.u,eof««oxlde.hydro»d..ni.rate.orphospha.e^^^ 
conlun,,thl.-K»idbeacco,.*a,*«l by the »m.Jtanaous addition of fluond^ 
fc„^s hy*og«, fluoride in sufficl«rt qu««ity to transfonn the zirconium rto 
, water^luble fluoraeomplex and thereby prevent production of a preap,tate^ 
T,»zln»**nc=r*»u,-eonlen.is,»eian**0.005to0.5tfLaszirconi^^ 
, ismo«p.afa«b<y0.01 to0.1 oft. as zirconium. AdequatofilmfonnatK>nmaynot 
ZTat a zlrJnlum content below O.OOS ^. No addKional benefits are 
Obtained at concer*alions in ««ess of 0.5 gfl.. whi* therefore sen,e mensly to 
raise the cost of the treatment bath and thus are economically undesuable. 
TT^ p^sence of hydrogen fluorid. in the treatment bam according to the 
.. p^entinvenson is most«Kanta8aouslyb,ougM about by adding hydn^uon^ 
ITorammoniumfluoride. The pra.an«.HFc««n..aN in the range of 0.0001 

to 0 2 gA. and more preferably falls in the range of 0.01 to 0.1 gft-. 

■R« oxidizmg agent present in the Watment bam according to the present 

invention is exem^ifisd by hyd^gen pemxide, nitrous acid and its salts. ^ or- 
, ganoperoxides. The use of hyd«.gen peroxide is most preferred, based on a 
LsiLration Of me ease of treating m. wast, water Ptoduced by me proc«« 
«co«lingtomep.ese,«inven«oa The oxidizing agent functions to accelerate 
me.atoofmereac«cn.matp«xiucetm.zi«»*«coating. Tt- oxi,^ng ag^ 

content is preferably 0.01 to 5 g/L and more pref«M.ly 0.1 ^'^^J^^ 
„ „action^eratlng activity may be unsatisfactory at oxldizmg ^ 
rl«a«onsbaU«vO.01g^Noproblemsa,aasscciatodwimconcar^ 
rnTof 6 gft, bU such conc^^ations do not pro^de any addiucnal b«^ 

I^merer*" MP cos« and are merefore economically undes-rabte^ 
T,»pHofmetmatmanlbamshouldbea*stedto1.Sto4.0. Thaexlent 
, . o...<«ngbaeomes«<cessiveatpHvaiuesbalow1.5andimpedasconv«s»on 

coaung tormatioa The etch becomes too waaK at pH vaK,es »«ess ^ 
.«,™KesltdlfiicuKto1bm.aN**corro,io,w.sistantcoaUng. Thep™ferr«l 
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pH range is 2.3 to 3.0. The pH can be adjusted through the use of an add such 
as phosphoric acid, nitric acid, or hydrochloric add. or through the use of an 
alkali such as ammonium hydroxide, ammonium cart>onate, or sodium hydroxide. 
Phosphoric acid and nitric add are the preferred adds for adjusting the pH, while 
s basic ammonium compounds are preferred as the alkali. 

The stability of the treatment bath can be substantially impaired by metal 
ions, such as those of copper, manganese, and tfie like, that are produced when 
an alloying component is eluted from the surface of the aluminiferous metal 
substrate. This can result in such problems as sludge production, precipitate 
10 formation, and the adhesion of sludge and/or predpitate to the equipment and 
the like. In order to prevent fiiis from happening, an organic acid or salt thereof, 
for examit^e, gluconic add, cscalic add, and their salts, may be added in order to 
chelate such components and stabilize the bath. 

A water*soli4>le fluorocomplex of, for example, titanium, silicon, and the 
n like, may also be added to the surface treatment bath according to the present 
invention along with the zirconium compound, for example, a water-soluble 
fluorozirconium complex. 

An example of the surface treatment process according to the present 
invention for an aluminiferous metal substrate indudes the following steps: 
20 (1) surface cleaning: degreasing (addic, alkaline, or solvent-based 

degreasers may be used) 

(2) vmter rinse 

(3) conversion coating treatment (surface treatment using a treatment bath 
according to the present invention) 

as (4) water rinse 

(5) rinse v/ith deionized water 

(6) drying 

The treatment temperature with the surface treatment bath according to 
the present invention is not crucial, and, for example, a temperature range from 
« room temperature to 90 'C can be used. However, taking into consideration the 
stability, operating t>ehavior. and produdivity charaderlstics of the treatment 
bath, the bath is preferably used at from 25 "C to 50 ^C. The treatment time is 
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also not crucial, but treatment times of. for example. 0.5 to 60 seconds are 
preferred and the range of 5 to 30 seconds is even more preferred. A full 
reacUon is not usually obtained in less than 5 seconds; this would prevent the 
fomiation of a highly coirosion^esislant coaling. At the other end of the range. 
5 no additional increase in performance has been observed at times above 60 
seconds. 

The surface treatment bath and process according to the present Inven- 
tion will be illustrated through the working examples provided below. 

Examples 

The following samples and perfomianoe evaluation tests were used in the 
working and comparative examples. 

The materials v««re aluminum alloy (A3004) sheets and aluminum Dl cans 
fabricated from this type of aluminum alloy sheet These were each cleaned. 

« prior to surface treatment according to this invention, with a hot aqueous solution 
of an acidic degreaser (PALKLIN™ 500. a product of Nihon Parkerizing 
Company, Limited. Tokyo). 
{2) f valuation methods 

(^nr rnfilon req lMf*"^ coatinn uniformlW 

„ The corrosion resistance and coating unifontilty were evaluated on the 

aluminum Dl cans based on the resistance to blackening by boiling water. The 
resistance to blackening by boiling water was tested as follows. After surface 
treatment, the aluminum Dl cans were immersed In boiling tap water foi- 30 min. 
utes. This was followed by a visual determination of the degree of dlscotoration 

„ (blackening) thereby produced at the elevations (regions where the bsflJ-flow rate 
was fast) and depression (region where the bath flow rale was slow) of the 
aluminum Dl cans. Said elevations correspond to the rib and exterior sidewall 
regions of actual aluminum Dl cans, vrhile the depression corresponds to the 
dome regton. 

aa The coiroston resistance was evaluated by scoring the test results on the 

following scale: 

4- s no blackening 
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@ s blackening over part of the surface 
X = blackening over the entire surface. 
The coating uniformity was rated as follows based on the resulting loca- 
tiort-speclfic evaluation of the resistance to blackening by boiling water a score 
ft of '\jnifbnT>" was rendered when both locations were free of blackening, while a 
score of "nonuniform" vras rendered when blackening occurred at only one 
location. 

{ta Paint adherence 

After the aluminum alloy (A30O4) sheet had been subjected to the surface 

10 treatment, it was coated with a can-grade epoxy-urea paint to give a paint film 
thickness of 5 to 7 micrometers. This was followed by baking and drying to give 
a painted panel. A test panel was then prepared by bending the painted panel 
In a bending tester, and this test panel vtras subjected to a peel test using 
cellophane tape. The test results were scored as follows: 

n + s peeling did not occur 

X = peeling occurred. 
Xs> Rath transparency 

The treatment bath which had been used in the particular example or 
comparative example was held at 40 "C for 1 5 days. The amount of zirconium 

» in the bath was measured both before and after this holding period, and the 
presence/absence of precipitate was determined from the difference in these 
values. A "V indicates that precipitate was not produced, while 'V* indicates that 
precipitate was produced. 
(£!} ronfirmina t est for sludoa adhesion 

28 The treatment bath which had been used in the particular example or 

comparative example v\«s supplied continuously for 16 hours to spray treatment 
using a small-scale sprayer held at 40 'C. During this time, the development of 
sludge at the nozzle of the device was inspected visually. A "+" indicates no 
sludge adhesion, white V indicates that sludge adhesion occurred. 

ao • gxampie 1 

The cleaned aluminum Dl cans and cleaned aluminum alloy sheets were 
sprayed for 20 seconds with surface treatment bath (1) (composition given 
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below) heated to 40 'C. This was followed by rinsing with tap water, spray 
rinsing for 10 seconds with deionized water, and then drying in a hot-air drying 
oven. The samples thus obtained were evaluated for their corrosion resistance, 
coating unHbrmity, and paint adherence. 
, The aluminum nitrate was used as an aluminum source for the purpose 

of artificially aging the treatment bath. 

^■irTfl^»"*«*"e"tbathf1^ 
phosphoric acid 30 PP^ as PO, ions 

fluozirconicacld 30 ppm asZr 

« hydrogen peroxide 100 ppm as H,0, 

aluminum nhrate lOOppm asAI 

pH = 3.0 (adjusted with aqueous ammonia) 
concentration of HF « 1 1 ppm (adjusted with hydrofluoric acid). 

gxample 2 

,8 The cleaned aluminum Dl cans and cleaned aluminum alloy sheets were 

sprayed for 40 seconds with surface treatment bath (2) (composition given 
below) heated to 40 'C. TWs vi«s followed by rinsing with tap water, spray rins- 
ing for 10 seconds with deionized water, and then drying in a hot-air drying oven. 
The samples thus obtained were evaluated for their corrosion reslstwice. coaMng 

ao unifonmlty, and paint adherence. 

g^rface treatment bath (2) 
phosphoric acid 20 ppm as PO, ions 

fluozirconicacld 10 ppm asZr 

hydrogen peroxide 300 ppm as HA 

» aluminum nitrate 50 ppm as Al 

pH B 2.7 (adjusted wVn aqueous ammonia) 
concentration of HF « 9 ppm (adjusted with hydrofluoric add) 

The cleaned aluminum Dl cans and cleaned aluminum alloy sheets were 
3D sprayed for 15 seconds vwth surface treatment bath (3) (composition given 
below) heated to 40 This was followed by rinsing with tap water, spray 
rinsing for 10 seconds with deionized vwrter. and then drying in a hot-air drying 
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oven. The samples thus obtained evaluated for their corrosion resistance, 
coating uniformity, and paint adherence. 

Surface treatment bath (3) 
phosphoric acid 40 ppm as PO4 ions 

fluozirconic acid 40 ppm asZr 

hydrogen peroxide 200 ppm as H2O2 

aluminum nitrate 200 ppm asAI 

pH = 2.3 (adjusted with aqueous ammonia) 
concentration of HF = 15 ppm (adjusted with hydrofluoric acid) 
10 Examofe 4 

The cleaned aluminum Dl cans and cleaned aluminum alloy sheets were 
immersed for 10 s«x>nds in surface treatment bath (4) (composition given below) 
heated to 30 *C. This was followed by rinsing with tap water, spray rinsing for 
1 0 seconds with deionized water, and then drying in a hot-air drying oven. The 
16 samples thus obtained were evaluated for their corrosion resistance, coating 
uniformity, and paint adherence. 

Surface treatment bath {A) 
phosphoric acid ISOppm asP04ions 

fluozirconic acid 100 ppm asZr 

20 hydrogen peroxide 400 ppm as H^Oj 

aluminum nitrate 300 ppm asAI 

pH = 2.5 (adjusted with aqueous ammonia) 
concentration of HF ^ 70 ppm (adjusted with hydrofluoric acid) 

Example § 

28 The cleaned aluminum Dl cans and cleaned aluminum alloy sheets were 

sprayed for 5 seconds with surface treatment bath (5) (composition given below) 
heated to 30 ""C. This was followed by rinsing with tap water, spray rinsing for 
10 seconds vwth deionized water, and then drying in a hot-air drying oven. The 
samples thus obtained were evaluated for their corrosion resistance, coating 

aa unifomiity, and paint adherence. 
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^Urf?tft tfflf*t"iB"* bath (5) 

^ . 400 ppm asPOJons 

phosphonc acid 

ammonium fluozirconat© 200 ppm as 

500 ppm as H2O2 

hydrogen peroxide 

4 500 ppm asAI 

6 aluminum nitrate *^ 

pH - 2.5 (adjusted with aqueous ammonia) 

concentration of HF = 100 ppm (adjusted with hydrofluoric acid). 

The cleaned aluminum Dl cans and cleaned aluminum alloy sheets were 
« sprayed for 15 seconds with surface treatment l>ath (6) (composition given 
bBicw) heated to 40 'C. This was followed by rinsing with tap water, spray rins- 
ing for 10 seconds with delonized water, and then during in a hot-air drying oven. 
The samples thus obtained were evaluated fortheir corrosion resistance, coating 

uniformity, and paint adherence. 

50 ppm asP04lons 

phosphonc acid 

..^ 30 ppm asZr 

zirconium oxide 

200 ppm as HjOa 
hydrogen peroxide * 

» 200 ppm asAI 

aluminum nitrate 

pH = 2.3 (adjusted with aqueous ammonia) 

concentraUon of HF = 13 ppm (adjusted with hydrofluoric acid) 

pxamole 7 

The cleaned aluminum Dl cans and cleaned aluminum alloy sheets were 
sprayed for 15 seconds with surface treatment bath (7) (composition given 
« below) heated to 40 -C. This was followed by rinsing with tap water, spray nns- 
ing for 10 seconds with delonized water, and then drying in a hot-air drying oven, 
me samples thus obtained were evaluated fortheir corrosion resistance. coaUng 
uniformity, and paint adherence. 

ff^^^fflca treatmftnt bath (7) 

50 ppm as PO4 ions 

30 phosphonc add 

30 ppm asZr 

zirconium oxide 

.. 200 ppm asHjO: 

hydrogen peroxide j » 
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aluminum nitrate 100 ppm asAI 

pH - 3.5 (adjusted with aqueous ammonia) 
concentration of HF s 7 ppm (adjusted with hydrofluoric acid). 
Comparative Example 1 
B The cleaned aluminum Di cans and cleaned aluminum alloy sheets were 

sprayed for 10 seconds with surtace treatment bath (8) (composition given 
below) heated to 40 This was followed by rinsing with tap water, spray 
rinsing for 10 seconds with deionized water. aruJ then drying in a hot-air drying 
oven. The samples thus obtained were evaluated for their corrosion resistance, 
10 coating uniformity, and paint adherence. 

Surface treatment bath IB) (no oxidizing aoent^ 
phosphoric acid 30 ppm asP04ions 

flurairconic acid 30 ppm asZr 

aluminum nitrate 200 ppm asAI 

IS pH s 3.0 (ac^usted with aqueous ammonia) 

concentration of HF = 15 ppm (adjusted wth hydrofluoric add). 

Comparative Example 2 
The cleaned aluminum DI cans and cleaned aluminum alloy sheets were 
sprayed for 10 seconds with surface treatment bath (9) (composition given 
20 below) heated to 50 "C. This was followed by rinsing with tap water, spray rins- 
ing for 10 seconds with deionized water, and then drying in a hot-air drying oven. 
The samples thus obtained were evaluated for their corrosion resistance, coatir^ 
uniformity, and paint adherence. 

Surface treatment bath {9\ fno zirconium compound^ 
25 phosphoric acid 50 ppm asP04lons 

hydrofluoric acid 220 ppm as F 

hydrogen peroxide 500 ppm as HjOj 

aluminum nitrate 100 ppm asAI 

pH = 2.5 (adjusted with aqueous ammonia) 
30 concentration of HF = 10 ppm (adjusted with hydrofluoric add) 

Comparative Example 3 
The deaned aluminum DI cans and deaned aluminum alloy sheets were 
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Sprayed for 20 seconds with surface treatment t>ath (10) (composition given 
below) heated to 35 *C, This was followed by rinsing with tap water, spray 
rinsing for 10 seconds with deionlzed water, and then drying in a hot-air drying 
oven. The samples thus obtained were evaluated for their corrosion resistance, 
coating uniformity, and paint adherence. 

gtirfaee treatment bath (10> 
fluozirconlcacid 40 ppm asZr 

hydrogen peroxide 500 ppm as HA 

aluminum nitrate 200 ppm as At 

pH - 3.0 (adjusted with aqueous ammonia) 
concentration of HF = 50 ppm (adjusted with hydrofluoric acid). 

Comparative Example 4 
The cleaned aluminum Dl cans and cleaned aluminum alloy sheets were 
sprayed for 15 seconds with surface treatment bath (11) (composition given 
below) heated to 40 *C. This was followed by rinsing with tap water, spray 
rinsing for 10 seconds with delonized water, and then drying in a hot-air drying 
oven. The samples thus obtained were evaluated for their con^osion resistance, 
coating uniformity, and paint adherence. 

Ri Iff ace treatment bath f 1 1 > 
phosphoric acid SOPPm as Prions 

fluozirconic acid 50 ppm asZr 

hydrogen peroxide 300 ppm as HjOa 

aluminum nitrate 200 ppm asAI 

pH = 2.7 (adjusted with aqueous ammonia) 
concnetration of HF = 0.05 ppm (adjusted with hydrofluoric add). 

C^mp""**'^^ Example 5 
The cleaned aluminum DI cans and cleaned aluminum alloy sheets were 
sprayed for 10 seconds with surface treatment bath (12) (composition given 
below) heated to 40 'C. This was followed by rinsing with tap water, spray rins- 
ing fbr 10 seconds with deionized water, and then drying in a hot-air drying oven. 
The samples thus obtained were evaluated for their corrosion resistance, coating 
uniformity, and paint adherence. 
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Surface treatment bath (12\ 
phosphoric add 40 ppm asP04ion8 

zirconium oxide 40 ppm asZr 

hydrogen peroxide 300pprn asH202 

aluminum nitrate 200 ppm asAI 

pH s 2.8 (adjusted with aqueous ammonia) 

concentration of HF > 0.01 ppm (adjusted with hydrofluoric acid). 

Comparative Example 6 

The cleaned aluminum Dl cans and cleaned aluminum alloy sheets were 
sprayed for 15 seconds with surface treatment bath (13) (composition given 
below) heated to 40 'C. This was followed by rinsing with tap water, spray 
rinsing for 10 seconds with deionlzed water, and then drying in a hot-air drying 
oven. The samples thus obtained were evaluated for their corrosion resistance, 
coating uniformity, and paint adherence. 

Surface treatmen t bath M3^ 
phosphoric acid 40 ppm asP04ions 

fluozirconic acid 40 ppm asZr 

aluminum nitrate 300 ppm asAI 

pH = 3.0 (adjusted with aqueous ammonia) 

concentration of HF = 15 ppm (adjusted vwth hydrofluoric acid). 

Comparative Example 7 

The deaned aluminum Dl cans and cleaned aluminum alloy sheets were 
sprayed for 30 seconds with surface treatment bath (14) (composition given 
below) heated to 40 "C. This was followed by rinsing with tap water, spray rins- 
ing Ibr 10 seconds with deionized water, and then drying in a hot-air drying oven. 
The samples thus obtained were evaluated for their corrosion resistance, coating 

uniformity, and paint adherence. 

Surface treatment bath (14) 
phosphoric acid 100 ppm as PO4 Ions 

fluozirconic add 100 ppm asZr 

aluminum nitrate 300 ppm asAl 

pH = 3.0 (adjusted with aqueous ammonia) 
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concentration of HF = 20 ppm (adjusted with hydrofluoric acid). 
Test results finom all the Examples and Comparative examples are report- 
ed in Table 1 . 

Examples 1 to 7 used surfeoe treatment baths and surface treatment pro- 
cesses according to the present Invention, and Table 1 conTirms the following 
results for these examples: the obtained conversion coatings exhibited an 
excellent corrosion resistance and paint adherence; the obtained conversion 
coatings were very uniform; the surface treatment baths maintained their trans- 
parency; and sludge adhesion was thoroughly inhibited. In contrast, Com- 
parative Examples 1 to 7 — which used surface treatment baths outside the 
scope of the invention — fn each case gave an unsatisfactory overall perform- 
ance because eac5h was found to be deficient in at least one aspect (corrosion 
resistance, paint adherence, conversion coating uniformity, treatment bath 
transparency, and inhibition of sludge adhesion). 

The surface treatment composition and suifaoe treatment process accord- 
ing to the present Invention impart an excellent con-osion resistance and ex- 
cellent paint adherence to the surface of aluminiferous metal substrates prior to 
the painting thereof. Other desirable effects demonstrated by this composition 
and process are a very unifonn conversion coating, excellent treatment bath 
transparency, and an excellent Inhibition of sludge adhesion. 

These characteristics confer a high degree of practical utility on the bath 
and process according to the present invention for treating the surface of alumin- 
iferous metal substrates. 
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TABLE 1 



Esjunple 
or Com- 
pjiriaon 
Example 


CorrosioD Resistance and Uniformity 


Paint 
Adher- 
ence 


Batii 
Trans- 
parency 


Inhibition 
of Sludge 
Adhesion 


Elevations 


Depressions 


Uniformity 
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X 
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X 
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uniform 
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X 




nommiform 
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CE6 


X 




nonuniform 




+ 




CE7 


@ 


+ 


nonuniform 


X 


+ 





Abbreviations for Table 1 



"Ex" « "Example"; "CE" - "Conqjarative Example". 
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1 . A Wghly sludging-lnhlbfted aqueous liquid composition for treating the sur- 
face of alumlniferous metals, said composition having a pH of 1.5 to 4.0 and 
comprising water and: 

, (A) at least one phosphoric add compound, 

(B) at least one zirconium compound, 

(C) at least one oxidizing agent, and 

(D) at least one compound that is a source of hydrogen fluoride. In a quantity 
that produces a total concentration of hydrogen fluoride in the aqueous 

,0 composition in the range from 0.0001 to 0.2 g/L. 

2. An aqueous liquid composiUon according to claim 1 . in which component 
(D) is selected Irom the group consisting of hydrofluoric acid, ammonium fluoride, 
and mixtures thereof. 

3. An aqueous liquid composition according to daim 2. in which component 
,5 (C) Is selected from the group consisting of hydrogen peroxide, nitrous acid and 

its salts, organoperoxides. and mixtures of any two or more of the preceding. 

4. An aqueous liquid composition according to claim 1 . in which component 
(C) is selected ftom the group consisting of hydrogen peroxide, nitrous add and 
Hs salts, organoperoxides, and mixtures of any two or more of the preceding. 

» 5. An aqueous liquid composition according to daim 4. in which the concen- 
tration of component (B) is from 0.005 to 0.5 grt.. measured as zirconium. 

6. An aqueous liquid composition according to daim 3. in which the con- 
centration of component (B) is from 0.005 to 0.5 gfl.. measured as zirconium. 

7. An aqueous liquid composition according to daim 2. In which the con- 
as centration of component (B) Is from 0.005 to 0.5 QfL. measured as zirconium. 

8. Anaqueousliquidcompositionaooordingtodaiml.inwhichthe concen- 
tration of component (B) Is from 0.005 to 0.5 gfL, measured as zirconium. 

9. An aqueous liquid composition according to daim 8, in which the concen- 
traUon of component (A) Is from 0.005 to 0.4 g/L as PO4 Ions. 



20 



wo 96/19595 



PCTAJS95/16231 



10. An aqueous liquid composition according to daim 7, in which the concen- 
tration of component (A) is from 0.005 to 0.4 g/L as PO4 ions. 

11. An aqueous liquid composition aooording to daim 6, in which the concen- 
tration of component (A) is from 0.005 to 0.4 g/L as PO4 Ions. 

12. An aqueous liquid composition according to daim 5, in which the concen- 
tration of component (A) is from 0.005 to 0.4 g/L as PO4 ions. 

13. An aqueous liquid composition according to daim 4, in which the concen- 
tration of component (A) is from 0.005 to 0.4 g/L as PO^ ions. 

14. An aqueous liquid composition according to daim 3, In which the concen- 
tration of component (A) is from 0.005 to 0.4 g/L as PO4 ions. 

15. An aqueous liquid composition according to daim 2, in which the concen- 
tration of compment (A) is from 0.005 to 0.4 g/L as PO4 ions. 

16. An aqueous liquid composition according to daim 1 , in which the concen- 
tration of component (A) Is from 0.005 to 0.4 g/L as PO4 ions. 

17. An aqueous liquid composition according to any one of claims 1 through 
16, in which the concentration of compor>ent (C) is 0.01 to 5.0 g/L. 

18. A process of forming a protecUve conversion coating on an aluminiferous 
$ut>strate suifeK^e, said process comprising contacting the substrate surface with 
an aqueous liquid composition according to daim 17 for from 0.5 to 60 seconds, 
and, optionally, thereafter objecting said substrate surface to a water rinse and 
drying. 

1 9. A process of forming a protective conversion coaling on an aluminiferous . 
substrate surface, said process comprising contacting the substrate surface with 
an aqueous liquid composition according to any one of claims 1 through 16 for 
from 0.5 to 60 seconds, and, optionally, thereafter subjecting said substrate 
surface to a water rinse and drying. 



21 



interna'^Pal search report 



Inie^^Kal ApplicaUon No. 
PClM5/16231 



A. CLASSinCATION OF SUBJECT MATTER 
1PC(6) :C23C 22/10 
\)S CL '148/247 

Aeeofdingto Intcnuiion^l Pitcnt CUiiificalkm (IPC) or to both ttaUoiul cUiiificalion IPC 



HELDS SEARCHED 



Mimmum documcnution tttrchcd (cUi.iricalloft •yrtccn foUowod by cUwificalkm •ymboU) 
U.S. : 14S/247 



Dooiuncnution fC*«h«J olhcr ihan minimum documcouiion lo the extent Uui inch documenU included in Ihe r»ldi leaiehed 



Electronic dau base 



coniulted during Ihe international aeareh (name of data base and. where practicable, teaich ienna lued) 



C, DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant patsagei 



US, A, 5, 1 39,586 (DAS) 1 8 August 1 992, coL 5, lines 5-40. 

US. A, 3,539,403 ( RIES) 10 November 1970, col 2, lines 
20-45. 



Relevant to claim No. 



1-19 



1-19 



Q Further documcnU ate fated in the continualion of Box C. H] Sec patent family annex 



•A* 



Sp«ch> CitefOrvM «r cU dooimcnta: 

doriwwtrttftiini ^ fcaermtauu of Uk «it whidt it aol 
10 be «f paniculiff rclcvaaoc 

_t:il i l ii l iMi n i |i III' r — rAi^ Aa. 

dim— ■rtT^Mi duow doufaii en priority cUiiii(«) or whScb p 
cilod to MlabU tfio fni¥^'S«i.> a«ie of MOlber ckaikM or other 
* ' "Hoo^ vecified) 



daioaad apt coffinict with applioiiiaB bia dial io I 
pftedpk or UKory rnidcHyitta U» tevatfioa 



doWMirta of r«rtfcu>u' refevaacc; ihe 



docwafat reremai to on orol diwionira, uw, oshSbiiioo or 
tfoo—oi pMUhfAjv^f to tho iolwmtiottM rdiag dio but ll« 



docMOMMi of p«niA»lof fclevoBGo; tf» 
cooiklcyod to owolvo w iBvoiitive 
oofnbMod wilhooa ^ i 
I obvioiw to « pcfoon i 



« ■kiUsd m ih« Mt 



Date of the actital completion of the international icarcb 
04 APRIL 1996 



Dale of mailing of the international aearch repoft 

1 5 MAY 1998 



Name and mailing addicsa of the ISA/US 
Commissloiier of>a(anl» and Tcademarfci 
Boa PCT 

WaxbiagioD, D.C. 20231 
Facaimile No> (703) 305^3230 



ed otfMr / f 



Authorized offji^r 
SAM 

Telephone No. a03) 30^^9646 




Fom PCT/ISA/210 (amnd aheetltfuly 1992)* 



This Page is Inserted by IFW Indexing arid Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



J<a FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 
-^REFERENCECS) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents wUl not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLACK BORDERS 



□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 




